Objective: Twins in developing countries may be disadvantaged due to their small size at birth, compromised nutrition and high infection risk. Although twinning is common in Africa, there are few longitudinal studies of growth and morbidity in this highrisk group. The aim of the present paper was to describe growth and morbidity of Malawian twins compared to singletons. Methods: Morbidity episodes were recorded at 4 weekly intervals and at extra visits made to health centres for illness. Weight, length, head and arm circumference were recorded at birth and weight, length and MUAC at 4 weekly intervals to 52 weeks of age. Results: Twins showed reduced fetal growth compared to singletons, with increasing fall-off in percentiles from 33 weeks gestation. Infant growth percentiles for twins were below those for singletons at all ages, but showed no fall-off from singleton percentile values. There were no differences in morbidity incidence during infancy between twins and singletons. Conclusion: Malawian twins showed no catch-up growth during infancy, their smaller size was not associated with higher morbidity incidence compared to singletons.
Introduction
Twinning is common in the African region with twinning rates of 16-46 per 1000 births, which compare to European rates of 9-15 per 1000 (Marivate and Norman, 1982) . Fetal growth amongst twins is restricted compared to singletons. (Taylor and Fisk, 2000) . This has been related to physical constraints in late gestation, uteroplacental insufficiency (Kahn et al., 2003) , as well as to fetal malformations and twin-twin transfusion (Aslan et al., 2004) . Twins are also more likely to be born preterm (Wimalasundera et al., 2003) . During infancy, twins can follow an accelerated growth rate, reaching median levels reported for singletons by 12 months of age (Naeye, 1964) . In a study from Ghana, mean heights and weights of twins, particularly for females, were below those for singletons throughout infancy (Van der mei et al., 2003) . This could result from an inadequate environment for optimal child growth rather than a reduced predisposition for catch-up growth. Preterm birth and growth restriction in twins could lead to an increased risk of morbidity during infancy. Morbidity incidence of the common childhood illnesses of diarrhoea, malaria and respiratory infection have not been evaluated in twins in developing countries. The aim of the present study was to estimate morbidity incidence in twins and to compare their fetal and infant growth with singletons from a rural area of southern Malawi. We have used the LMS method to draw growth curves and there are also new methods for constructing twins curves (Neale and McArdle, 2000) . This was part of a larger study looking at the consequences of low birthweight (BW) and fetal anaemia on child growth and morbidity (Brabin et al., 1993) .
Methods

Study area
This study was undertaken between March 1993 and July 1994 in Chikwawa District, in the lower shire valley, southern Malawi. This is a rural area where malaria transmission is endemic. Chikwawa District comprises about 4800 km 2 and is 10-300 m above sea level. The average rainfall in the study period was 520 mm/year with most in the months of November-March. Mean temperature was 26.61C, ranging from 22.31C in June to 30.11C in December (SUCOMA, 1995) . Small-scale agriculture of maize, sorghum, cotton and sugar cane are the primary sources of food and income. In the most recent census, the estimated population of the area was 356 682 of which 77 701 were women of child bearing age (NSO, 1998) . The study was located in the two hospitals in the District, Chikwawa District Hospital (CDH), a government hospital with free services and Montfort Hospital (MH), 30 km away, which is a fee-paying mission hospital.
Enrolment and delivery
At first antenatal visit, after verbal consent was obtained, a questionnaire, which included information on age, obstetric history and antimalarial use in pregnancy was completed by a project nurse. Information on delivery was collected only from women who attended the hospital facilities of CDH or MH for delivery. For logistic reasons, it was not possible to obtain this information from home or health centre deliveries. BW was measured immediately after birth on a Salter scale to the nearest 10 g and the baby was examined for gestational age between 6 and 24 h of age using a modified Ballard method (Verhoeff et al., 1997) . Birth length (BL) was measured in centimetres to the nearest 0.1 cm with the baby laid supine on a locally made standardised measuring mat. Head circumference (occipito-frontal) was measured in centimetres (to the nearest millimetre) using a tape measure (TALC, Guilford). Measurements were taken midway between the eyebrows and the hairline at the front of the head and from around the occipital prominence at the back of the head. Mid-upper arm circumference (MUAC) was measured using a standard tape measure (TALC, Guilford) at the midpoint of the left upper arm (to the nearest millimetre).
Infant follow-up
Mothers were asked to return to the hospital with their child at 4-weekly intervals, to 52 weeks of age, and visits were integrated with the immunisation schedule, consequently the first scheduled visit was at 6 weeks of life. An active surveillance system was in place to enhance follow-up for nonattendees. At each scheduled visit, weight, length and head circumference were recorded for each child. Study details for evaluation of singleton births have been previously reported (Kalanda et al., 2005b) .
Definitions
Morbidity was defined as specific disease episodes reported by mothers at scheduled or unscheduled visits and clinical diagnoses were recorded by Clinical Officers or Medical Assistants attached to the health facility attended. Low BW was defined as less than 2500 g and fetal anaemia as cord Hbo12.5 g/dl. Underweight (low weight for age (W/A)), thinness (low weight for length (W/L)) and stunting (low length for age (L/A)) were defined as a standard deviation score (SDS) less than or equal to À2.0 (Waterlow et al., 1977) . Rohrer's index was calculated as BW (g)/BL 3 (cm). A Rohrer's index below the 10% percentile is indicative of disproportionate growth, although its utility (Niknafs and Sibbald, 2001 ) and reproducibility (Ayatollahi, 2003) are debated. Anthropometric indices between twins and singletons were compared using mean values for different gestational age classes.
Sample size
A sample of 100 observations for each gestational week has been recommended as optimal for estimation of intrauterine growth percentiles (Cole, 1990) . A smaller sample of 10 per gestational age class interval although not optimal should be adequate to draw growth curves (Cole, personal communication) . Gestational weeks were grouped to provide these numbers for selected class intervals.
Analysis
Data were analysed using SPSS for windows, version 11.0. (2001) . The non-parametric independent t-test was used for analyses. Growth curves were drawn using smoothed percentile standards derived by the LMS program (Cole, 1988 (Cole, , 1989 (Cole, ) version 1.16 (2000 . The LMS method assumes that the data can be normalised by using a power transformation, which stretches one tail of the distribution and shrinks the other to remove the skewness. The optimal power to obtain normality is calculated for each of a series of age groups and the trend summarised by a smooth (L) curve. Trends in the mean (M) and coefficient of variation (S) are similarly smoothed. The resulting L, M and S curves contain the information to draw any centile curve. SDS were calculated using the EPI info 2002, Nutrition programme, using the CDC 2000 reference for the standards (Ogden et al., 2002) . Stillbirths were excluded from the analysis. Gestational age centiles were produced for the gestational period 30-41 weeks and infant percentiles to one year of age.
Ethical approval
The study was granted ethical approval by the Malawi National Health Sciences Research Committee.
Results
Fetal growth
In total, 1571 babies delivered in the study hospitals. There were 55 singleton stillbirths, four twin stillbirths and for three babies information was incomplete. 
Morbidity
Singletons had a total of 5.1. (95% C.I. 3.4, 6.7) morbidity episodes per person year and twins 4.5 (4.0, 5.0) ( Table 2 ). There were no differences in morbidity episodes for malaria, diarrhoea and respiratory infections between singletons and twins (Table 2) . By 12 months, 77% of singletons and 70% of twins had experienced a malaria episode; 60 and 63% a respiratory infection, and 66 and 58% a diarrhoeal illness, respectively. There were no significant differences between the numbers of singletons (12.1%) and twins (18.8%) hospitalised during follow-up (P ¼ 0.2). If the four twin pairs who did not attend for any follow-up visit were neonatal or infant deaths, this would give a survival probability of 90.7% (95%CI, 84.6-96.8)
Growth
Comparison of percentiles for weight and length for twin and singleton infants are shown in Figure 2 . Growth percentiles for twins were below those for singletons at all ages and showed no fall-off from singletons percentile values. Figure 3 
Discussion
The percentiles of twins at birth were significantly different from singletons for all anthropometric indices, showing a marked fall-off in weight, length, and HC from 36 weeks gestation. This has been reported by Luke et al. (1991) who showed that growth rates were comparable to singletons between 24 and 35 weeks, but after 36 weeks, growth slowed leading to significantly lower mean BWs for each successive week. The smaller sample size available for twin births less than 35 weeks gestation (i.e. no10) limits to a degree the Others have reported twin growth slowing from as early as at 30 weeks gestation (Taylor and Fisk, 2000; Hall, 2003) . This may relate to physical constraints in late gestation due to uteroplacental insufficiency (Kahn et al., 2003) . Other factors leading to slower growth in twins include more rapid placental maturation, (Ohel et al., 1987) and earlier fetal pulmonary maturity (Leveno et al., 1984; Wolf et al., 1992) . Environmental, rather than genetic factors, are generally considered to be primarily responsible for the abnormal growth of twins in late gestation (McKeown and Record, 1953) .
Male and female Malawian twin BWs were both considerably lighter than published mean values for Ghana and Nigeria (Male: Nigeria 2.3 kg, Ghana 2.3 kg, Malawi 2.1 kg; female: Nigeria 2.5 kg, Ghana 2.5 kg, Malawi 2.2 kg) (Harrison and Rossiter 1985; van der Mei et al., 2003) . The lower mean values in Malawian twins may relate to different maternal gestational ages, malaria exposure, or antenatal care in Malawian compared to the Ghanaian or Nigerian mothers.
Nutritional factors may also be especially important. As in singleton pregnancies, twin growth in utero improves with higher maternal pregnancy weight gain. Studies in several locations in the USA found an association between both early and mid-pregnancy maternal weight gain and improved fetal growth and BW (Lantz et al., 1996; Luke et al., 1998) . Fetal growth and BW in twins were influenced by the gestational period of maternal weight gain and as for singletons, by maternal pre-pregnancy weight, with heavier women having larger babies (Luke et al., 1997; Luke et al., 2003) .
In Malawi, pregnancy malaria and maternal undernutrition commonly occur. Placental malaria is associated with significant reductions in BW, especially in primigravidae (Verhoeff et al., 1999) and the deceleration in fetal growth from 34 weeks is likely to relate in part to maternal P. falciparum parasitaemia (Verhoeff et al., 2001) . The risk of placental malaria is unlikely to differ between twin and singleton births, although its effects might be greater with twin pregnancy. Fetal growth retardation is common in this area and Verhoeff et al. (2001) and Kalanda et al. (2005a, b) have described its causes.
These Malawian twins did not experience a higher incidence of infectious morbidity during infancy compared to singletons. This was an unexpected result as the twin cohort had a higher prevalence of small for gestational age births. Twins may be more susceptible to infectious morbidity owing to prematurity and intrauterine growth restriction (Sonntag et al., 1996) . If breast milk is limiting, this may lead to early weaning of one or both twins increasing the risk of malnutrition and infection (Feachem and Koblinsky, 1984) and in this population twins received complementary foods earlier than singletons. In addition, twins are in close contact with each other, increasing the risk of crossinfection, which is well described for measles and tuberculosis (Beggs et al., 2003) . Monetary needs will be higher making it more difficult to obtain complementary foods and possibly deferring consultation with health care providers. Curative and preventive health care may also be compromised because of greater logistical difficulties with the care of twins (Justesen and Kunst, 2000) . In some African communities, traditional practices can also impinge on twin care owing to the spiritual connotations associated with twin pregnancy (Chappel, 1974) , although this has not been reported for Malawi.
In the Gambia, post-neonatal twin deaths were significantly associated with increased malnutrition (Jaffar et al., 1998) . In our study, there were no confirmed deaths among twins and therefore we cannot confirm this association, (Verhoeff et al., 2004) .
Twins and singletons were undernourished during the second half of infancy, but twins became more undernourished with lower Z-scores at 52 weeks of age. This difference was not associated with an increased morbidity risk. Under optimal conditions, twins have been reported to have an accelerated rate of growth after birth and reach the median weight levels of singletons by 12 months of age (Naeye, 1964) . This growth pattern has been shown to be limited to twins who were above the tenth percentile of singleton reference values at birth (Buckler and Green, 1994) . Those below the 10th percentile show trivial impairment, whereas those below the 5th percentile were at a permanent disadvantage (Buckler and Green, 1994) . Similar results were reported in a study from Ghana ( Van der mei et al., 2003) , where by adulthood, mean heights and weights, particularly for females, were below those of reference values for singletons. This is most likely to reflect an inadequate environment for optimal child growth, rather than a genetic predisposition. In this population, there was no observed catch-up in growth, even in twins above the 10th percentile. This has also been observed by Buckler and Green (1994) .
There is a scarcity of morbidity information in twins from developing countries and the present analysis would indicate that even though they may be disadvantaged, they may not be at increased risk of morbidity compared to singletons in this rural area of Malawi.
